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Abstract
Introduction
Receipt of housing assistance from the US Department of Hous-
ing and Urban Development (HUD) is associated with improved
health among adults and lower rates of unmet medical need among
adults and young children. However, it is unclear whether HUD
housing assistance is associated with healthier behaviors. The ob-
jective of our study was to assess whether participation in HUD
housing assistance programs is associated with increased physical
activity among low-income adults.
Methods
In 2017, we pooled cross-sectional data from the 2004–2012 Na-
tional Health Interview Survey (NHIS) linked to administrative re-
cords  of  HUD  housing  assistance  participation.  Our  primary
sample  was  low-income  adults  (aged  ≥18;  <200%  of  federal
poverty level). Using multivariate logistic regression, we calcu-
lated the odds of being physically active (≥150 min/week of mod-
erate-intensity activity or equivalent combination of moderate- and
vigorous-intensity activity) among current HUD housing assist-
ance residents compared with a control group of future residents
(adults who would receive assistance within the next 2 years). In a
secondary analyses, we examined neighborhood socioeconomic
status as a modifier and conducted a subanalysis among nonsenior
adults (aged <65).
Results
Among all low-income adults, the adjusted odds of being physic-
ally active were similar for current and future residents (odds ratio
=1.17; 95% confidence interval, 0.95–1.46). Among nonseniors,
current residents were more likely to be physically active than fu-
ture  residents  (odds  ratio  =  1.47;  95%  confidence  interval,
1.10–1.97). Associations did not differ by neighborhood socioeco-
nomic status.
Conclusion
Receiving HUD housing assistance is associated with being phys-
ically active among nonsenior low-income adults.
Introduction
More than 5 million households receive federal assistance to help
pay housing costs (1). The US Department of Housing and Urban
Development (HUD) manages and oversees federal housing assist-
ance programs, which can include the provision of housing vouch-
ers (eg, Housing Choice Vouchers), which help people rent private
homes, or the provision of public housing (2). The receipt of hous-
ing assistance is linked with better overall self-rated health, less
psychological distress (3), and lower rates of uninsurance and un-
met medical needs (4) among adults, as well as lower blood-lead
levels in young children (5). The extent to which housing assist-
ance may also lead to healthier behaviors, such as physical activ-
ity, is uncertain.
Understanding the link between housing assistance and physical
activity  is  important  because  regular  physical  activity  among
adults confers numerous health benefits, including lower rates of
cardiovascular disease, hypertension, type 2 diabetes, various can-
cers,  and mortality (6–8).  Less than half of low-income adults
reach recommended physical activity goals (9).
Housing assistance may increase leisure-time physical activity by
providing families with greater housing and resource stability,
which in turn may enhance their ability to engage in health-pro-
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moting behaviors. Families that receive housing assistance pay no
more than one-third of their household income on rent and utilit-
ies and move less often than those not receiving assistance (1,10).
In contrast, low-income families without assistance frequently de-
vote a substantial proportion of their incomes to housing expenses,
and as a result, may need to move frequently, and are at a higher
risk of becoming homeless (4). Costly and unstable housing envir-
onments could consume resources and time that could otherwise
be used to support health promotion.
Aspects of the neighborhood environment, such as safety and aes-
thetics, may further influence the relationship between housing as-
sistance and physical activity. Lower socioeconomic status (SES)
neighborhoods typically have fewer physical-activity–promoting
facilities (eg, parks) (11,12) and are more likely to be perceived as
unsafe and unattractive (13),  factors  that  may inhibit  physical
activity (11,13). Assisted households are often concentrated in
lower-SES neighborhoods (14,15), which may limit the benefit of
housing assistance on physical activity. Conversely, housing as-
sistance programs that allow eligible people to move to higher-in-
come neighborhoods may conceivably promote greater physical
activity  through  an  environment  that  has  more  physical-
activity–promoting resources (16).
The primary objective of our study was to assess whether receiv-
ing HUD housing assistance is associated with physical activity
levels in a national sample of US adults. We hypothesized that
rates of physical activity would be higher among adults currently
receiving housing assistance than among future housing assist-
ance  recipients.  We had 2  secondary aims.  First,  we assessed
whether  neighborhood SES modified  the  association  between
housing assistance and adult physical activity levels. We hypo-
thesized that the association between housing assistance and phys-
ical activity would be stronger among adults living in higher-SES
neighborhoods. Second, because physical activity decreases with
age (17,18), we examined the relationship between housing assist-
ance and physical  activity among a subset of nonsenior adults
(aged <65). We hypothesized that rates of physical activity would
be higher among nonsenior adults currently receiving assistance
than among future housing assistance recipients.
Methods
Data came from the National Health Interview Survey (NHIS)
from 2004 through 2012; these data were linked to administrative
data from HUD from 2004 through 2012 (19). The linked HUD
administrative data provide information about whether and when
NHIS respondents received HUD housing assistance. Linkage was
limited to NHIS respondents who gave person-level identifiers and
consented to future administrative linkage (52.5% of adult NHIS
respondents).  NHIS and HUD administrative data linkage was
based on exact matches of a 9-digit Social Security number, sex,
and month and year of birth. Neighborhood SES data came from
the 2007–2011 American Community Survey 5-year estimates
files (20); these data were linked to the NHIS data set by census-
tract identifiers.
The sample for our primary analysis consisted of US adults (aged
≥18) who responded to the NHIS Sample Adult questionnaire, re-
ceived HUD housing assistance at the time of the NHIS interview
or would receive assistance within the next 24 months (average
time on the wait-list), and lived in households with an income-to-
poverty ratio less than 200% (n = 6,256).
Measures
Dependent variable. Adults were categorized as being physically
active if they met the US Department of Health and Human Ser-
vices’ recommendation of 150 minutes or more of moderate-in-
tensity aerobic physical activity per week or an equivalent com-
bination of moderate- and vigorous-intensity aerobic activity (21).
Respondents self-reported the frequency and duration of their usu-
al moderate- and vigorous-intensity leisure-time physical activity;
we summed minutes of moderate-intensity aerobic activity per
week plus twice the minutes of vigorous-intensity aerobic activity
per week to calculate total minutes of moderate-intensity–equival-
ent aerobic physical activity (22,23).
Independent variables. The main independent variable was a bin-
ary  indicator  of  whether  respondents  currently  received HUD
housing assistance. We categorized respondents as receiving hous-
ing assistance if HUD administrative records indicated that they
received housing assistance at  the time of the NHIS interview
(hereinafter termed “current assistance”).
A challenge of estimating the relationship between HUD housing
assistance and health behaviors is unobserved confounding (ie,
factors correlated with the receipt of housing assistance and phys-
ical activity [3]). To control for unobserved differences between
adults with housing assistance and adults without housing assist-
ance, we used a “pseudo–wait-list” approach. This approach com-
pared adults who currently received housing assistance with adults
who would receive housing assistance within 24 months after the
NHIS survey (24 months is the average wait time for receiving
housing assistance [24]). Wait-listed respondents likely resemble
the current  assistance group on numerous observed and unob-
served characteristics. This pseudo–wait-list approach was used in
previous studies to examine the association of housing assistance
with health status and health care utilization (3,4). As a check on
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the suitability of this control group, we compared current recipi-
ents of assistance and future recipients of assistance on observed
health and sociodemographic characteristics reported in NHIS.
Effect modifiers. To examine whether neighborhood SES modi-
fied  the  relationship  between housing assistance  and physical
activity, we created a composite measure of neighborhood SES
based on factors described in existing literature (25,26) and 6 vari-
ables describing neighborhood SES characteristics from the US
Census that we identified through a factor analysis: 1) percentage
of residents with a high school diploma or less, 2) percentage of
residents with a 4-year college degree or less, 3) unemployment
rate, 4) poverty rate, 5) percentage of working residents in a non-
management (primary) occupation, and 6) housing vacancy rate.
We used factor loadings to create a census-tract–level neighbor-
hood SES index. We then categorized census tracts into quartiles
from highest SES (quartile 1) to lowest SES (quartile 4).
Covariates. We controlled for the following respondent character-
istics: age; sex; race/ethnicity; family size; number of functional
limitations (number of the following activities that respondents re-
ported “very difficult” or “unable to” do: walk a quarter-mile,
walk up 10 steps, stand for 2 hours, sit for 2 hours, stoop/bend/
kneel,  reach overhead,  grasp small  objects,  lift/carry up to  10
pounds, or push/pull large objects,  as consistent with previous
studies  [27,28]);  education  level  of  person  in  household  with
highest level of education; family income-to-poverty ratio; em-
ployment status; receipt of Supplemental Nutrition Assistance Pro-
gram, Special Supplemental Nutrition Program for Women, In-
fants, and Children, and/or Temporary Assistance for Needy Fam-
ilies benefits; marital status; self-rated health status; and neighbor-
hood SES. We also included a state and survey year interaction
term to control for temporal trends in state-level characteristics
that might affect physical activity levels or receipt of housing as-
sistance (eg, regional differences in investment in physical-activ-
ity–promoting  resources  or  in  state-level  housing  assistance
policies).
Statistical analysis
In 2017, we calculated summary statistics of means and propor-
tions for all variables stratified by housing assistance status. For
our primary aim, we used multivariate logistic regression to as-
sess the relationship between receipt of HUD housing assistance
(comparing current and future recipients) and physical activity
among all low-income adults (aged ≥18), controlling for respond-
ent-level variables listed above and neighborhood SES.
To test for effect modification by neighborhood SES, we ran a
separate multivariate logistic regression model that included an in-
teraction between housing assistance status and neighborhood SES
while controlling for all respondent-level variables in the main
analysis. We used an F test to assess whether interactions between
housing assistance receipt and neighborhood SES categories were
jointly significant.
To examine the association between housing assistance and phys-
ical activity among nonseniors, we repeated our analyses in a sub-
set of nonsenior adults (aged <65) while controlling for all indi-
vidual and neighborhood SES characteristics as in the main ana-
lysis. We also examined effect modification by neighborhood SES
among nonseniors through a separate model in this subgroup that
included the housing assistance–neighborhood SES interaction
while controlling for respondent-level characteristics.
All estimates were weighted to account for the NHIS sampling
frame and linkage eligibility of respondents. Design-based vari-
ance estimates were used to account for the NHIS’s complex sur-
vey design. Because the rate of missingness was low among our
analytic sample (<1% for any variable), we excluded respondents
with missingness for any covariates. Statistical analyses were per-
formed in Stata/IC 14.1 (StataCorp LLC).
Sensitivity analysis
We performed several sensitivity analyses, including 1) re-run-
ning our analyses with physical activity as a continuous variable
and 2) including individuals living in households with an income-
to-poverty ratio greater than 200%. Additionally, consistent with a
previous study of this population (5), we used a propensity-score
approach to compare physical activity among adults who received
housing assistance when surveyed to a comparable group of adults
not receiving housing assistance at that time. The propensity-score
approach  allowed  for  a  larger  control  group  than  did  the
pseudo–wait-list, because it was not limited to people who eventu-
ally received housing. However, propensity scores can balance in-
dividuals only on observed characteristics. We used the inverse
probability of treatment weights to weight the sample of low-in-
come adults  not  receiving  housing  assistance  to  resemble  the
sample of assisted adults on observed characteristics. We ran sep-
arate propensity-score sensitivity analyses among all adults and in
the nonsenior subpopulation (Appendix).
Results
The sample  of  6,256 surveyed low-income adults  represented
6,472,700 adults receiving current and future HUD housing assist-
ance in the United States. Compared with adults receiving future
assistance, adults receiving current assistance were significantly
older  (46.3  y  vs  42.4  y),  more  likely  to  be  female  (73.8% vs
69.6%), more likely to live in a household with an income-to-
poverty ratio less than 100% (69.4% vs 60.9%), less likely to be
PREVENTING CHRONIC DISEASE VOLUME 15, E94
PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY           JULY 2018
The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,
the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions.
www.cdc.gov/pcd/issues/2018/17_0517.htm • Centers for Disease Control and Prevention       3
currently married (14.6% vs 20.3%), and less likely to be cur-
rently employed (27.3% vs 33.4%); they had more functional lim-
itations (1.6 vs 1.3 limitations) and a smaller family size (2.4 vs
2.8 family members) (Table 1).
Overall, 25% of adults in both current and future assistance groups
met the criteria for being physically active (Table 1). After adjust-
ing for respondent characteristics and neighborhood SES, adults
receiving current housing assistance had a higher adjusted odds of
being physically active compared with adults  receiving future
housing assistance, although this relationship was not significant
(odds ratio [OR] = 1.17; 95% confidence interval [CI], 0.95–1.46)
(Figure).
Figure. Association between current HUD housing assistance status versus
future HUD housing assistance status and being physically active among all
low-income adults  (aged  ≥18)  and  nonseniors  (aged  <65)  in  the  United
States, 2004–2012 National Health Interview Survey.
 
We did not find evidence that neighborhood SES modifies the as-
sociation between housing assistance and being physically active
among low-income adults (interaction P = .44).
Our  subsample  of  3,933  surveyed  nonseniors  represented  a
weighted sample of 4,086,754 adults. Among all nonseniors, 26%
were physically active, including 27% of those currently receiv-
ing housing assistance and 24% of those receiving future housing
assistance (P = .23) (Table 2). In adjusted analyses, current hous-
ing assistance was significantly associated with increased odds of
physical activity compared with future housing assistance (OR =
1.47; 95% CI, 1.10–1.97; P = .01) (Figure). We did not find evid-
ence of effect modification by neighborhood SES among low-in-
come nonsenior adults (interaction P = .34).
Sensitivity analysis
When we coded physical activity as a continuous variable, hous-
ing assistance was not  associated with physical  activity in the
overall sample. Among nonsenior adults, the association between
physical activity and housing assistance was not significant (P =
.06). Including respondents who lived in households with an in-
come-to-poverty ratio above 200% did not alter our main findings.
In propensity-scored weighted analyses, the odds of being physic-
ally active did not differ between adults receiving current housing
assistance and adults not receiving current assistance (OR = 0.94;
95% CI, 0.84–1.04) and the nonsenior subgroup (OR = 1.01; 95%
CI, 0.92–1.10). Neighborhood SES did not modify these associ-
ations among all low-income adults (interaction P = .88) and non-
seniors (interaction P = .52).
Discussion
We found that among low-income nonseniors younger than 65,
current HUD housing assistance recipients were more likely to
meet recommended physical activity goals than were nonseniors
receiving future assistance, whereas among all low-income adults
in our sample, we found insufficient evidence of a difference in
physical activity by HUD housing assistance status. To our know-
ledge, our study is the first to assess whether receiving HUD hous-
ing assistance is associated with health behaviors — specifically,
physical activity — in a nationally representative sample of adults
in the United States.
The difference in our findings between all low-income adults and
the nonsenior subgroup suggests that  the benefits  of receiving
HUD housing assistance on increased physical activity is primar-
ily among nonsenior adults. Reasons for these difference warrant
further investigation. Although receipt of HUD housing assistance
might increase the financial resources of both younger and older
adults, these 2 groups of adults may differently direct these re-
sources. For example, because seniors generally have a higher bur-
den of chronic disease, they may apply any increases in financial
resources toward medical needs rather than physical activity. Al-
though differences in our findings between younger adults and our
overall sample may stem from differences in functional status, our
analyses controlled for self-rated health and functional limitations.
Another potential factor may be differences in housing assistance
programs and facilities available to younger and older adults (eg,
senior housing) that may affect levels of physical activity. Given
the numerous health benefits of physical activity, particularly in
preventing chronic conditions that increase in incidence and sever-
ity with age, increasing physical activity in nonsenior adults is an
important public health priority.
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Our finding of no difference in the relationship between HUD
housing assistance and physical activity by neighborhood SES is
surprising given evidence that neighborhood SES can influence
physical activity through the availability of physical-activity–pro-
moting facilities and perceived neighborhood attractiveness and
safety (11–13). It is possible that, although higher-SES neighbor-
hoods might have more physical activity facilities, they might not
offer affordable options (eg, free or low-cost recreational centers
that are more common in lower-SES neighborhoods). Addition-
ally, receiving housing assistance in a higher-SES neighborhood
might require adults to move, which disrupts important social net-
works that can encourage physical activity (eg, walking groups)
(29). However, the lack of modification by neighborhood SES in
our analysis is consistent with a study that examined the relation-
ship between HUD housing assistance and adult health (3).
Our results should be interpreted with caution because results from
our main analysis (the pseudo–wait-list approach) differed from
the propensity-score sensitivity analysis. However, we believe that
the lack of association in propensity-score sensitivity analyses
might be due to potential unobserved differences between assisted
and unassisted individuals that we could not adequately account
for with the available data. When we assessed balance between
current recipients and the propensity-weighted comparison group,
we found some differences between groups. Adding other covari-
ates available in NHIS could not substantially improve balance
between groups. We acknowledge, though, that the pseudo–wait-
list approach may also be vulnerable to confounding and selection
bias (3,4). Despite this, the comparison groups in the pseudo–wait-
list approach — used in previous analyses of HUD housing assist-
ance with this same data set (3,4) — were generally similar on ob-
served characteristics included in our analysis, which increases our
confidence in the pseudo–wait-list results. Another reason for cau-
tion is the lack of significant association between housing assist-
ance and physical activity coded as a continuous variable among
nonseniors.
Our study has several limitations. First, we were unable to expli-
citly compare current assistance residents to those known to be on
the HUD wait-list, because wait-list data are not available for all
HUD program types. Individuals not on the actual wait-list but in-
cluded in our pseudo–wait-list may have experienced a change
(eg, disability, job loss) that might have simultaneously induced
them to apply for housing assistance and affected their physical
activity. However, a study that examined adult health status out-
comes found that results from the pseudo–wait-list and the avail-
able wait-list data were nearly identical (3). We also used a 2-year
time period for determining the wait-list, recognizing that the wait-
list times vary among jurisdictions. Second, we assumed that wait-
list individuals were comparable to current assistance recipients on
all observed and unobserved characteristics, as in previous hous-
ing and health studies (30). Third, our measure of vigorous physic-
al activity and other covariates was self-reported, and these data
may be prone to recall and social desirability bias. The rates of
physical activity we found were similar to those found in other na-
tional surveys conducted among adults (31), and we do not have
evidence to suggest that systematic reporting errors would exist
between adults based on their housing assistance status. Fourth,
our  neighborhood measure  was designed to  assess  overall  so-
cioeconomic status, and we were unable to access data on specific
features of neighborhoods (eg, parks) that are linked with physical
activity.  Fifth,  we relied on the HUD data linkage using exact
matches on numerous personal identifiers. Incomplete data link-
age may potentially bias findings. Fifth, although receipt of Sup-
plemental Security Income or Social Security Disability Insurance
may influence receipt of HUD assistance, we were unable to con-
trol for either of these, which may have biased our results toward
the null. Sixth, we dichotomized physical activity based on recom-
mended guidelines, but this approach may have resulted in a loss
of  information.  Lastly,  we  were  underpowered  to  determine
whether differences existed by HUD assistance program type.
As is well-documented, rates of physical activity among US adults
are suboptimal. This study suggests that receiving HUD housing
assistance is associated with increased levels of physical activity
among low-income nonsenior  adults.  Along with  previous re-
search that examined the relationship between housing assistance
and health conditions and health care utilization, our findings in-
dicate that housing may also be a platform for healthy behaviors,
which may, in turn, have long-term effects across a range of con-
ditions. Programs and initiatives that seek to improve physical
activity overall may consider the important role of housing assist-
ance in health promotion.
Acknowledgments
We thank  Veronica  Helms  for  technical  support  and  Patricia
Barnes for data support. Dr Wong was affiliated with the Depart-
ment of Health Policy & Management, Johns Hopkins School of
Public Health, at the time this work was done. She is now affili-
ated with VA HSR&D Center for the Study of Healthcare Innova-
tion, Implementation, & Policy, US Department of Veteran Af-
fairs. Dr. Wong was supported by the VA Office of Academic Af-
filiation through the Health Services Research fellowship,  the
Agency  for  Healthcare  Research  and  Quality  (award  no.
T32HS000029), and National Institute of Diabetes And Digestive
and Kidney Diseases of the National Institutes of Health (award
no. T32DK062707). The content is solely the responsibility of the
PREVENTING CHRONIC DISEASE VOLUME 15, E94
PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY           JULY 2018
The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,
the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions.
www.cdc.gov/pcd/issues/2018/17_0517.htm • Centers for Disease Control and Prevention       5
authors and does not necessarily represent the official views of the
US Department of Veterans Affairs or the US Government, the
National Institutes of Health, or the Agency for Healthcare Re-
search and Quality. No copyrighted surveys/instruments/tools or
other materials (figures, images, photos, etc) were used.
Author Information
Corresponding  Author:  Michelle  S.  Wong,  PhD,  VA  Health
Services  Research  &  Development  Center  for  the  Study  of
Healthcare Innovation, Implementation, & Policy, US Department
of Veteran Affairs, 11301 Wilshire Blvd, Building 206 Room 250,
Los Angeles, CA 90073. Telephone: 310-478-3711 ext. 49955. E-
mail: Michelle.wong6@va.gov.
Author  Affil iations:  1Department  of  Health  Policy  &
Management, Johns Hopkins School of Public Health, Baltimore,
Maryland.  2Department  of  Health  Policy  &  Management,
University  of  Pittsburgh  Graduate  School  of  Public  Health,
Pittsburgh, Pennsylvania. 3Johns Hopkins School of Medicine,
Baltimore,  Maryland.  4Division of  General  Internal  Medicine,
Johns Hopkins School of Medicine, Baltimore, Maryland.
References
Center  on  Budget  and Policy  Priorities.  United  States  fact
sheet: federal rental assistance. Washington (DC): Center on
Budget and Policy Priorities; 2017.
  1.
Lloyd  P,  Helms  V.  NCHS-HUD  linked  data:  analytic
considerations  and  guidelines.  Hyattsville  (MD):  National
Center  for  Health Statistics.  Document  version date:  2016.
http://www.cdc.gov/nchs/data/datalinkage/nchs_hud_analytic_
considerations.pdf. Accessed May 24, 2018.
  2.
Fenelon A, Mayne P, Simon AE, Rossen LM, Helms V, Lloyd
P, et al. Housing assistance programs and adult health in the
United States. Am J Public Health 2017;107(4):571–8.
  3.
Simon AE, Fenelon A, Helms V, Lloyd PC, Rossen LM. HUD
housing assistance associated with lower uninsurance rates and
unmet  medical  need.  Health  Aff  (Millwood)  2017;
36(6):1016–23.
  4.
Ahrens  KA,  Haley  BA,  Rossen  LM,  Lloyd  PC,  Aoki  Y.
Housing  assistance  and  blood  lead  levels:  children  in  the
United  States,  2005–2012.  Am  J  Public  Health  2016;
106(11):2049–56.
  5.
Physical Activity Guidelines Advisory Committee. Physical
Activity Guidelines Advisory Committee Report. Washington
(DC): US Department of Health and Human Services; 2008.
  6.
Nocon M, Hiemann T, Müller-Riemenschneider F, Thalau F,
Roll S, Willich SN. Association of physical activity with all-
cause and cardiovascular mortality: a systematic review and
meta-analysis.  Eur  J  Cardiovasc  Prev  Rehabil  2008;
15(3):239–46.
  7.
Winzer BM, Whiteman DC, Reeves MM, Paratz JD. Physical
activity and cancer prevention: a systematic review of clinical
trials. Cancer Causes Control 2011;22(6):811–26.
  8.
Centers for Disease Control and Prevention. National Center
for  Chronic  Disease  Prevention  and  Health  Promotion,
Division of Nutrition, Physical Activity, and Obesity. Data,
trends and maps, 2013. http://www.cdc.gov/nccdphp/dnpao/
data-trends-maps/index.html. Accessed April 25, 2017.
  9.
Fischer W. Research shows housing vouchers reduce hardship
and  provide  platform for  long-term gains  among children.
Washington (DC):  Center  on Budget  and Policy Priorities.
Updated  October  7,  2015.  https://www.cbpp.org/research/
housing/research-shows-housing-vouchers-reduce-hardship-
and-provide-platform-for-long-term. Accessed May 24, 2018.
10.
Gordon-Larsen P, Nelson MC, Page P, Popkin BM. Inequality
in the built  environment underlies key health disparities in
physical activity and obesity. Pediatrics 2006;117(2):417–24.
11.
Estabrooks PA, Lee RE, Gyurcsik NC. Resources for physical
activity participation: does availability and accessibility differ
by neighborhood socioeconomic status? Ann Behav Med 2003;
25(2):100–4.
12.
Wilson  DK,  Kirtland  KA,  Ainsworth  BE,  Addy  CL.
Socioeconomic status and perceptions of access and safety for
physical activity. Ann Behav Med 2004;28(1):20–8.
13.
Galster  GC.  US  assisted  housing  programs  and  poverty
deconcentration: a critical geographic review. In: Manley D,
van  Ham M,  Bailey  N,  Simpson  L,  Maclennan  D,  editors.
Neighbourhood effects  or  neighbourhood based problems?
Dordrecht (NL): Springer Science and Business Dordrecht;
2013. p. 215–49.
14.
Schwartz  A,  McClure  K,  Taghavi  LB.  Vouchers  and
neighborhood distress: the unrealized potential for families
with housing choice vouchers to reside in neighborhoods with
low  levels  of  distress.  Cityscape  2016;18(3):207.  https://
www.huduser.gov/portal/periodicals/cityscpe/vol18num3/
article14.html.
15.
Ludwig J, Sanbonmatsu L, Gennetian L, Adam E, Duncan GJ,
Katz  LF,  et  al.  Neighborhoods,  obesity,  and  diabetes—a
randomized  social  experiment.  N  Engl  J  Med  2011;
365(16):1509–19.
16.
Hawkins MS, Storti KL, Richardson CR, King WC, Strath SJ,
Holleman RG, et al. Objectively measured physical activity of
USA adults  by sex,  age,  and racial/ethnic  groups:  a  cross-
sectional study. Int J Behav Nutr Phys Act 2009;6(1):31.
17.
PREVENTING CHRONIC DISEASE VOLUME 15, E94
PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY           JULY 2018
The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,
the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions.
6       Centers for Disease Control and Prevention  •  www.cdc.gov/pcd/issues/2018/17_0517.htm
Tucker JM, Welk GJ, Beyler NK. Physical activity in U.S.:
adults compliance with the Physical Activity Guidelines for
Americans. Am J Prev Med 2011;40(4):454–61.
18.
National Center for Health Statistics. Restricted-use NCHS-
HUD data files, 2004–2012. https://www.cdc.gov/nchs/data-
linkage/hud-restricted.htm. Accessed May 31, 2017.
19.
US  Census  Bureau.  American  FactFinder.  2007–2011
American Community Survey 5-year estimates.  US Census
Bureau’s  American  Community  Survey  Office;  2011.
https://factfinder.census.gov/faces/tableservices/jsf/pages/prod
uctview.xhtml?src=bkmk. Accessed May 31, 2017.
20.
US Department of Health and Human Services. 2008 Physical
activity guidelines for Americans. Washington (DC); 2008.
https://health.gov/paguidelines/pdf/paguide.pdf. Accessed May
24, 2018.
21.
Larsen  BA,  Strong  D,  Linke  SE.  The  association  between
family and friend integration and physical activity: results from
the NHIS. Int J Behav Med 2014;21(3):529–36.
22.
Carroll DD, Courtney-Long EA, Stevens AC, Sloan ML, Lullo
C, Visser SN, et al. Vital signs: disability and physical activity
— United States, 2009–2012. MMWR Morb Mortal Wkly Rep
2014;63(18):407–13.
23.
US Department of Housing and Urban Development, Office of
Policy Development and Research. Assisted housing: national
and  local.  Picture  of  subsidized  households.  https://
www.huduser.gov/portal/datasets/assthsg.html. Accessed April
24, 2017.
24.
Messer LC, Laraia BA, Kaufman JS, Eyster J,  Holzman C,
Culhane  J,  et  al.  The  development  of  a  standardized
neighborhood  deprivation  index.  J  Urban  Health  2006;
83(6):1041–62.
25.
Diez Roux AV, Merkin SS, Hannan P, Jacobs DR, Kiefe CI.
Area  characteristics,  individual-level  socioeconomic
indicators, and smoking in young adults: the coronary artery
disease  risk  development  in  young  adults  study.  Am  J
Epidemiol 2003;157(4):315–26.
26.
Chinn  JJ,  Hummer  RA.  Racial  disparities  in  functional
limitations among Hispanic women in the United States. Res
Aging 2016;38(3):399–423.
27.
Cochran SD, Björkenstam C, Mays VM. Sexual orientation
differences in functional  limitations,  disability,  and mental
health  services  use:  results  from  the  2013–2014  National
Health  Interview  Survey.  J  Consult  Clin  Psychol  2017;
85(12):1111–21.
28.
Kim BH, Wallington SF, Makambi KH, Adams-Campbell LL.
Social networks and physical activity behaviors among cancer
survivors:  data from the 2005 Health Information National
Trends Survey. J Health Commun 2015;20(6):656–62.
29.
Ludwig J, Sanbonmatsu L, Gennetian L, Adam E, Duncan GJ,
Katz  LF,  et  al.  Neighborhoods,  obesity,  and  diabetes  — a
randomized  social  experiment.  N  Engl  J  Med  2011;
365(16):1509–19.
30.
Carlson SA, Densmore D, Fulton JE, Yore MM, Kohl HW 3d.
Differences in physical activity prevalence and trends from 3
U.S. surveillance systems: NHIS, NHANES, and BRFSS. J
Phys Act Health 2009;6(Suppl 1):S18–27.
31.
PREVENTING CHRONIC DISEASE VOLUME 15, E94
PUBLIC HEALTH RESEARCH, PRACTICE, AND POLICY           JULY 2018
The opinions expressed by authors contributing to this journal do not necessarily reflect the opinions of the U.S. Department of Health and Human Services,
the Public Health Service, the Centers for Disease Control and Prevention, or the authors’ affiliated institutions.
www.cdc.gov/pcd/issues/2018/17_0517.htm • Centers for Disease Control and Prevention       7
Tables
Table 1. Characteristics of a Sample of Low-Income Adults (Aged ≥18), by HUD Housing Assistance Status, in a Study of HUD Housing Assistance and Levels of
Physical Activity Among Low-Income Adults, 2004–2012a
Characteristic
Receiving Current
Assistance (n = 5,233)
Would Receive Future
Assistanceb (n = 1,023) P Valuec
Meets criteria for being physically actived 24.8 24.9 .98
Minutes of moderate-intensity–equivalent aerobic physical activity, mean (SD) 181.2 (822.5) 177.1 (637.1) .88
Age, mean (SD), y 46.3 (22.8) 42.4 (22.8) <.001
Female sex 73.8 69.6 .03
Race/ethnicity
Non-Hispanic white 39.0 40.5
.57
Non-Hispanic black 35.6 36.8
Hispanic 18.6 17.1
Non-Hispanic other 6.8 5.6
Education level of person in household with highest level of education
<High school diploma 30.0 27.7
.22High school diploma 64.0 67.6
≥4-year college degree 5.9 4.8
Family income-to-poverty ratio
<0.50 23.7 22.4
<.001
0.50–0.99 45.8 38.5
1.00–1.49 23.2 25.2
1.50–1.99 7.4 13.9
Currently employed 27.3 33.4 .004
Receives any federal assistancee 65.2 68.6 .11
Marital status
Never married 45.0 46.8
<.001Currently married 14.6 20.3
Previously married 40.4 32.9
No. of family members in household, mean (SD) 2.4 (2.1) 2.8 (2.2) <.001
Abbreviations: HUD, US Department of Housing and Urban Development; NHIS, National Health Interview Survey; SD, standard deviation.
a Data sources: NHIS 2004–2012; these data were linked to administrative data from HUD 2004–2012 (19). Neighborhood socioeconomic data came from the
2007–2011 American Community Survey 5-year estimates files (20); these data were linked to the NHIS data set by census-tract identifiers. Proportions and
means were calculated by using survey weights provided by NHIS. Unless otherwise indicated, values presented are percentages.
b Adults who would receive housing assistance within 24 months after the NHIS survey.
c Determined by t test for means and χ2 test for proportions.
d 150 minutes or more of moderate-intensity aerobic physical activity per week or an equivalent combination of moderate- and vigorous-intensity aerobic activity
(21).
e Supplemental Nutrition Assistance Program; Special Supplemental Nutrition Program for Women, Infants, and Children; and/or Temporary Assistance for Needy
Families.
f Activities that respondents reported “very difficult” or “unable to” do: walk a quarter-mile, walk up 10 steps, stand for 2 hours, sit for 2 hours, stoop/bend/kneel,
reach overhead, grasp small objects, lift/carry up to 10 pounds, or push/pull large objects.
(continued on next page)
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(continued)
Table 1. Characteristics of a Sample of Low-Income Adults (Aged ≥18), by HUD Housing Assistance Status, in a Study of HUD Housing Assistance and Levels of
Physical Activity Among Low-Income Adults, 2004–2012a
Characteristic
Receiving Current
Assistance (n = 5,233)
Would Receive Future
Assistanceb (n = 1,023) P Valuec
Self-rate health
Excellent/very good 30.7 32.7
.36
Good/fair/poor 69.3 67.3
No. of functional limitationsf, mean (SD) 1.6 (3.3) 1.3 (2.6) .004
Neighborhood socioeconomic status
Quartile 1 (highest) 17.4 17.3
.98
Quartile 2 24.5 23.8
Quartile 3 27.8 28.6
Quartile 4 30.3 30.4
Abbreviations: HUD, US Department of Housing and Urban Development; NHIS, National Health Interview Survey; SD, standard deviation.
a Data sources: NHIS 2004–2012; these data were linked to administrative data from HUD 2004–2012 (19). Neighborhood socioeconomic data came from the
2007–2011 American Community Survey 5-year estimates files (20); these data were linked to the NHIS data set by census-tract identifiers. Proportions and
means were calculated by using survey weights provided by NHIS. Unless otherwise indicated, values presented are percentages.
b Adults who would receive housing assistance within 24 months after the NHIS survey.
c Determined by t test for means and χ2 test for proportions.
d 150 minutes or more of moderate-intensity aerobic physical activity per week or an equivalent combination of moderate- and vigorous-intensity aerobic activity
(21).
e Supplemental Nutrition Assistance Program; Special Supplemental Nutrition Program for Women, Infants, and Children; and/or Temporary Assistance for Needy
Families.
f Activities that respondents reported “very difficult” or “unable to” do: walk a quarter-mile, walk up 10 steps, stand for 2 hours, sit for 2 hours, stoop/bend/kneel,
reach overhead, grasp small objects, lift/carry up to 10 pounds, or push/pull large objects.
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Table 2. Characteristics of a Sample of Nonsenior (Aged 18 to <65) Low-Income Adults, by HUD Housing Assistance Status, in a Study of HUD Housing Assistance
and Levels of Physical Activity Among Low-Income Adults, 2004-2012a
Characteristic
Receiving Current Assistance (n =
3,268)
Would Receive Future
Assistanceb (n = 665) P Valuec
Meets criteria for being physically actived 27.1 24.0 .23
Minutes of moderate-intensity–equivalent aerobic physical activity, mean
(SD)
212.2 (1,212.6) 161.1 (558.1) .09
Age, mean (SD), y 38.3 (13.9) 35.5 (12.6) <.001
Female sex 75.0 72.2 .26
Race/ethnicity
Non-Hispanic white 31.7 32.8
.94
Non-Hispanic black 42.7 42.5
Hispanic 19.5 19.4
Non-Hispanic other 6.1 5.3
Education level of person in household with highest level of education
<High school diploma 24.8 25.6
.08High school diploma 70.0 71.7
≥4-year college degree 5.1 2.6
Family income-to-poverty ratio
<0.50 29.7 24.9
<.001
0.50–0.99 44.3 38.5
1.00–1.49 19.1 22.4
1.50–1.99 6.9 14.2
Currently employed 34.1 39.2 .06
Receives any federal assistancee 76.0 72.0 .11
Marital status
Never married 55.33 54.7
.03Currently married 14.8 19.5
Previously married 29.9 25.8
No. of family members in household, mean (SD) 2.8 (1.6) 3.2 (1.7) <.001
Self-rate health
Abbreviations: HUD, US Department of Housing and Urban Development; NHIS, National Health Interview Survey; SD, standard deviation.
a Data sources: NHIS 2004–2012; these data were linked to administrative data from HUD 2004–2012 (19). Neighborhood socioeconomic data came from the
2007–2011 American Community Survey 5-year estimates files (20); these data were linked to the NHIS data set by census-tract identifiers. Proportions and
means were calculated by using survey weights provided by NHIS. Unless otherwise indicated, values presented are percentages.
b Adults who would receive housing assistance within 24 months after the NHIS survey.
c Determined by t test for means and χ2 test for proportions.
d 150 minutes or more of moderate-intensity aerobic physical activity per week or an equivalent combination of moderate- and vigorous-intensity aerobic activity
(21).
e Supplemental Nutrition Assistance Program; Special Supplemental Nutrition Program for Women, Infants, and Children; and/or Temporary Assistance for Needy
Families.
f Activities that respondents reported “very difficult” or “unable to” do: walk a quarter-mile, walk up 10 steps, stand for 2 hours, sit for 2 hours, stoop/bend/kneel,
reach overhead, grasp small objects, lift/carry up to 10 pounds, or push/pull large objects.
(continued on next page)
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(continued)
Table 2. Characteristics of a Sample of Nonsenior (Aged 18 to <65) Low-Income Adults, by HUD Housing Assistance Status, in a Study of HUD Housing Assistance
and Levels of Physical Activity Among Low-Income Adults, 2004-2012a
Characteristic
Receiving Current Assistance (n =
3,268)
Would Receive Future
Assistanceb (n = 665) P Valuec
Excellent/very good 34.1 36.5
.40
Good/fair/poor 65.9 63.5
Number of functional limitationsf, mean (SD) 1.2 (3.2) 1.1 (2.4) .09
Neighborhood socioeconomic status
Quartile 1 (highest) 14.0 13.3
.86
Quartile 2 23.1 21.6
Quartile 3 28.4 30.7
Quartile 4 34.5 34.5
Abbreviations: HUD, US Department of Housing and Urban Development; NHIS, National Health Interview Survey; SD, standard deviation.
a Data sources: NHIS 2004–2012; these data were linked to administrative data from HUD 2004–2012 (19). Neighborhood socioeconomic data came from the
2007–2011 American Community Survey 5-year estimates files (20); these data were linked to the NHIS data set by census-tract identifiers. Proportions and
means were calculated by using survey weights provided by NHIS. Unless otherwise indicated, values presented are percentages.
b Adults who would receive housing assistance within 24 months after the NHIS survey.
c Determined by t test for means and χ2 test for proportions.
d 150 minutes or more of moderate-intensity aerobic physical activity per week or an equivalent combination of moderate- and vigorous-intensity aerobic activity
(21).
e Supplemental Nutrition Assistance Program; Special Supplemental Nutrition Program for Women, Infants, and Children; and/or Temporary Assistance for Needy
Families.
f Activities that respondents reported “very difficult” or “unable to” do: walk a quarter-mile, walk up 10 steps, stand for 2 hours, sit for 2 hours, stoop/bend/kneel,
reach overhead, grasp small objects, lift/carry up to 10 pounds, or push/pull large objects.
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Appendix. Description of Propensity-Score Sensitivity Analysis
As a sensitivity analysis, we used propensity-score estimation to compare the effect of housing assistance on physical activity comparing
adults who received housing assistance at the time of the survey to a comparable group of adults not receiving housing assistance at that
time. Use of propensity scores allowed us to better control for confounding between housing assistance–eligible adults who did and did
not receive housing assistance and physical activity level compared to multivariate regression comparing those who currently receive
assistance with those who currently do not receive assistance (regardless of future assistance status). The estimand of interest for this
analysis is the population average treatment effect on the treated, which provides us an estimate of the effect of housing assistance on
physical activity level only on those who receive housing assistance.
Using logistic regression, we estimated the propensity score for adults receiving housing assistance compared to those not receiving
housing assistance. In addition to all the confounding variables described above, we also included the NHIS-provided survey weights as
predictors in estimating the propensity-score weights. We trimmed weights at the 95th percentile of the distribution to avoid extreme
weights. We examined propensity-score distributions between the housing assistance and non-housing assistance groups with histograms
to ensure sufficient overlap between both groups.
We matched the housing assistance and non-housing assistance groups using the weighting by the odds method. The housing assistance
group received a weight of 1 and the non-housing assistance group received a weight of the odds of the propensity score (ie, PS/[1 − PS]).
We then created a composite of the propensity weight with the survey weight by multiplying the two together. We calculated and
compared standardized biases before and after propensity-score weighting to assess covariate balance. For the outcome model, we ran a
weighted logistic regression that controlled for all the potential confounding variables as described in the Measures section, and weighted
the analysis with the combined propensity and survey weights.
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